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which evolves from the collective interaction and adaptation 
of these agents. This thesis discusses the experiences and 
lessons learned from the U.S. Army's Firm Handshake Proof of 
Principle business wargame, and applies them to a Marine 
Corps' counterpart game called SimMarineCorps . 
SimMarineCorps will model the Marine Corps' Human Resource 
Development Process (HRDP) . This architecture consists of 
players, screens, agents, rules of engagement, and 
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I. introduction/background 

A. AREA OF RESEARCH 

In an era of shrinking budgets the Department of 
Defense (DoD) has turned to simulation to enhance and, in 
some instances, to replace costly and time-consuming 
training. These simulations take full advantage of today's 
technology to attain high benefit for relatively low cost. 
One method of designing simulations to save money and time, 
and to incur less risk is through the use of "agent-based 
simulation" (ABS) . Agent-based simulation differs from 
traditional simulation methods in that individuals are 
modeled as software agents in an attempt to explicitly 
simulate the overall market behavior of these individuals' 
nonlinear interactions with each other and with the 
environment. This property of ABS is referred to as 
"emergent behavior" and its basis lies in the algorithms 
that can be found in our own genetic make-up. 

ABS is finding fertile application in the area of 
business wargaming. Many companies are using this 
technology to test business decisions prior to their 
implementation. The U.S. Army is developing an ABS called 
SimArmy/Firm Handshake to simulate manpower policy decisions 
and the effects they may have within the Army manpower 
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community. This thesis uses the SimArmy/Firm Handshake 
business wargame as a springboard to design a Marine Corps 
counterpart for Marine Corps manpower decisions. The focus 
will be to define requirements in the form of key players, 
agents, attributes, and rules of engagement for a Marine 
Corps version of SimArmy/Firm Handshake called 
SimMarineCorps . 

B. OBJECTIVE 

The objective of this thesis is to examine the 
phenomenon of complex adaptive systems and how it might be 
applied to Department of Defense (DoD) policy and decision- 
making. This will be done in support of the Marine Corps' 
efforts to develop an agent-based simulation. This model 
will simulate some of the business processes within the 
Marine Corps Human Resource Development Process (HRDP) in 
order to evaluate various manpower policy decision 
tradeoffs . 

C. RESEARCH QUESTIONS 

This thesis will answer the following research 
questions : 

1. How can the theory of complex adaptive systems be 
applied to military manpower analysis? 
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2. What are the lessons learned from applying ABS to 
the Army manpower community as experienced in the 
SimArmy/Firm Handshake business wargame? 

3. How can an ABS be constructed to capture meaningful 
elements of Marine Corps manpower decision-making? 
Specifically: 

• Who are the Key players in Marine Corps manpower 
decisions? 

• What are the necessary agents and attributes for 
programming and conducting SimMarineCorps? 

• What are the rules of engagement for programming 
and conducting SimMarineCorps? 

• What readiness metrics should be used in 
conjunction with the SimMarineCorps game? 

D. DISCUSSION 

Simulation has taken on an ever-increasing role in all 
aspects of military affairs, from improving training to 
simulating combat to testing policy decisions. The 

advantages of simulation include a better understanding of 
the real system without the commitment of costly resources 
such as lives, equipment and capital. This understanding is 



possible in 


part because 


years 


of experience in a 


real 


system can 


be compressed 


into 


hours, minutes, and 


even 


seconds . 


Further, the 


ability 


to vary parameters 


and 
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conduct "what if" analyses facilitates the analysis of 
different scenarios at a relatively low cost. Traditional 
simulations have limitations because they are based on 
discrete event, continuous, and Monte Carlo simulations, 
which are mathematical models that represent the physical 
objects. These traditional simulations are based on exact, 
deterministic equations and are often inadequate to cope 
with the complex, nonlinear systems that exist in the 
commercial and defense sectors. 

To simulate these complex systems the commercial sector 
has turned to a form of simulation called "agent-based 
simulation" (ABS) . ABS differs from traditional simulation 
methods in that the simulated entities are modeled as 
individual objects or agents in an attempt to simulate the 
specific behaviors of these individual entities. In ABS, 
the agent is defined in terms of its behavior (procedural 
rules) and characteristics (parameters) and represents a 
component part of a natural system or environment. These 
software agents are used to model individuals' behaviors 
whereas the behaviors of firms or organizations are captured 
by human players within the simulation. DoD has just begun 
to scratch the surface with respect to recognizing the 
potential benefits that ABS can afford. One area that DoD 
is investigating the use of ABS is in simulating manpower 
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policy decisions. A team comprised of the Naval 

Postgraduate School, Purdue University, and the Army Center 
for Land Warfare have developed an agent-based simulation 
for examining Army manpower policy decisions called Firm 
Handshake . 

This thesis will apply the lessons learned from the 
Firm Handshake simulation in combination with research and 
interviews with key manpower decision makers from the U.S. 
Marine Corps to identify specific requirements of key 
players, agent attributes, and rules of engagement for a 
Marine Corps version of Firm Handshake. 



E. SCOPE OF THESIS 

The scope of this thesis will include: (1) a review of 

Complexity Adaptive Systems Theory, (2) a review of Agent 
Based Simulation, (3) an analysis of applications of Agent 
Based Simulation in DoD, and (4) a review of lessons learned 
from the U.S. Army's Firm Handshake simulation. The thesis 
will conclude by identifying the objectives and requirements 
for SimMarineCorps agents, including the key manpower 
players/ teams , the structure of SimMarineCorps, 
recommended player controls/screens, the relationships 
between each screen/team, the agent relationships/metrics, 
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the scenarios for a Proof of Principle exercise, and 
identification of any data/metric shortfalls. 

This thesis will not in any way build, calibrate, or 
test the actual SimMarineCorps simulation itself/ this will 
be done by Purdue University. 

F. METHODOLOGY 

The methodology used in this thesis research will 
consist of the following steps. 

1. Conduct a literature search of simulation in DoD, 
business wargaming, complex adaptive systems 
theory, and agent-based simulation. 

2. Compile lessons learned from the Firm Handshake 
business wargame. 

3. Develop a methodology for gathering ABS 

requirements . 

4. Apply ABS requirements methodology to 
SimMarineCorps . 

5. Provide recommendations based upon the study. 

G. BENEFITS OF THE STUDY 

This study will provide the necessary information 
required to implement a Marine Corps-centered agent-based 
simulation for Manpower Policy Decisions. The benefits of 
this form of simulation are to provide insight, experiential 
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learning, team building, leadership development, and risk- 
free strategy testing for manpower decisions. 

H. OVERVIEW OF CHAPTERS 

The remainder of the thesis is structured as follows: 

• Literature Review: This chapter will examine and 

present the literature concerning simulation 
modeling in DoD, Complex Adaptive Systems, Agent- 
based simulation, and the Synthetic Environment for 
Analysis and Simulation (SEAS) . 

• Overview of U.S. Marine Coxes' Human Resource 

Development Process: This chapter will provide an 

overview of the HRDP, focusing on Manning, 

Recruiting, and Training. 

• U.S. Army's Firm Handshake Proof of Principle 

Exercise: This chapter will provide an extensive 

overview of the U.S. Army's Firm Handshake business 
wargame and present the results and lessons learned 
of the Proof of Principle exercise. 

• SimMarineCorps : This chapter will define 

SimMarineCorps in terms of objectives, structure, 
screens, screen relationships, agent 

relationships/metrics, data requirements and data 
shortfalls . 
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• Summary/Conclusions: This chapter 

the conclusions from the thesis and 
of future study. 



will summarize 
recommend areas 
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II. LITERATURE REVIEW 



This chapter will provide an overview of simulation and 
modeling in the Department of Defense (DoD) as a backdrop 
against which to consider the technology of agent-based 
simulation. We will then define and give examples of complex 
adaptive systems, and explain how DoD and the Marine Corps 
can be considered as complex adaptive systems. We will then 
show how complex adaptive systems can be modeled using 
agent-based simulation and explain the key components of 
agent-based simulation (agents, rules, environment, and 
emergent behavior) . This chapter will conclude with a 
review of the programming environment used in SimArmy/Firm 
Handshake, the Synthetic Environment for Analysis and 
Simulation (SEAS), and how it supports agent-based 
simulation . 

A. SIMULATION AND MODELING IN DOD 

Computers are changing the face of everything in the 
contemporary world from the way we conduct business, to the 
way we educate, to the way we look at reality. Computers 
have also allowed us to make great strides is in generating 
models that simulate various processes that we encounter in 
our everyday lives and business. The computer's 
capabilities for rapidly performing many more arithmetic or 
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logical operations than the human mind gives it a prominent 
role in addressing problems of great complexity. 1 This 
ability of the computer has led to its widespread use in 
simulation. Simulation can lead to a better understanding 
of a "real world" system by compressing "real" years into 
"computer" hours, minutes, or even seconds. Today's 
simulations also allow decision-makers to vary parameters of 
a simulation to answer "what if" questions. Ultimately, 
through the proper use of simulation, the decision-maker can 
save money and time, and incur less risk. 2 

Prior to 1990, the field of Modeling & Simulation (M&S) 
was marked by fragmentation and limited coordination of 
activities across key communities (e.g., across Service 
lines and across functional communities). 3 This lack of 
coordination led the Deputy Secretary of Defense to assign 
overall management responsibility of all DoD M&S to the 
Defense Modeling & Simulation Office (DMSO) in 1991. 4 The 
creation of DMSO was intended to maximize the effectiveness 



1 RAND Note, Exploratory Modeling and the Use of Simulation for Policy 
Analysis, by S.C. Bankes, p. 26, 1992 

2 Turban, E., Decision Support Systems and Intelligent Systems, Fifth 
Edition, Prentice Hall, pp. 164, 1995 

3 Department of Defense Regulation 5000. 59-P, DoD Modeling and 
Simulation (M&S) Master Plan, October 1995, Chapter 3, Available online 
at : http : / /www. dmso.mil/documents/policy/msmp/ chapter_3 . html 

4 Ibid. Chapter II 



10 



and efficiency of M&S efforts across DoD, as well as foster 
interoperability and reuse throughout functional areas. To 
accomplish this mission DMSO created a unifying vision, the 
main thrusts of which are: 

• To provide readily available, operationally valid 
environments for use by DoD Components. 

• To train jointly, develop doctrine and tactics, 
formulate operational plans, and assess warfighting 
situations . 

• To support technology assessment, system upgrade, 
prototype and full-scale development, and force 
structuring. 

• To promote common use and a closer interaction 
between the operation and acquisition communities in 
carrying out their respective responsibilities. 

• To allow maximum utility and flexibility, these 
modeling and simulation environments will be 
constructed from affordable, reusable components 
interoperating through an open systems 
architecture . 5 

This vision also entails providing substantially 
improved capabilities and decision-making in each of the 
four pillars of military capability: readiness, 

modernization, force structure, and sustainability. Figure 
2.1 shows the range of M&S embraced by the DoD M&S vision. 



5 Ibid. 
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Figure 2.1 -- Range of M&S Embraced by the DoD M&S Vision 6 

It is easy to see that the vision fully encompasses the 
business processes of all services across all functional 
areas. To transform the M&S vision into reality, DMSO has 
identified six necessary activities: Provide Management, 
Policy & Guidance, Assess M&S Requirements, Develop 
Technology, Build M&S Capability, Field the Capability, and 
Share the Benefits of M&S (Figure 2.2). 



6 



Ibid . 
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Figure 2.2 -- DoD M&S Activity Model 



DMSO conducted an assessment of the then current M&S in 
DoD to identify shortfalls that would need to be overcome in 
order to realize their overall vision. DMSO identified six 
objectives that needed to be met (Figure 2.3) as well as the 
logic for deriving these objectives (Figure 2.4). 
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Figure 2.3 — DoD M&S Objectives and Sub-Objectives 7 




Figure 2.4 -- Logic for Deriving M&S Objectives 8 



7 Ibid. 

8 Ibid. 
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